Double-stranded RNA viruses were detected in virulent strains of Rhizoctonia solani. The virus particles were 33 nm in diameter, contained two or three major segments of dsRNA (tool. wt.
INTRODUCTION
Viruses containing dsRNA are not uncommon among fungi. This group of viruses is generally characterized by a lack of symptom expression; in only a few cases have viruses been shown to affect the phenotype of their carrier fungus (Tipper & Bostian, 1984; Day & Dodds, 1979; Hollings, 1978; Ghabrial & Mernaugh, 1983) . The lack of apparent expression of these viruses and their detection in an increasing number of plant pathogens has led to the examination of their involvement in the regulation of virulence. The results thus far are inconclusive, since viruses were detected in both virulent and avirulent strains, and in strains that secrete a phytotoxin as well as in those that do not (Rawlinson et al., 1973; Dunkle, 1974) .
Indications that the dsRNA of fungi may be associated with the regulation of virulence were reported in Endothia parasitica, the causative agent of chestnut blight (Van Alfen, 1982) . The available data suggest that the dsRNA segments act as attenuators of virulence and that the expression of virulence is suppressed following the transmission of the dsRNA through cytoduction between virulent and hypovirulent strains. This is the first case in which a role in the aetiology of a disease can be ascribed to dsRNA and this is the only case in which an adaptive value is suggested for the benign relationship between the carrier fungus and the dsRNA.
Three cases have been reported in which a diseased state of the mycelium was related to dsRNA 'plasmids' and dsRNA viruses (Castanho et al., 1978 ; Hollings, 1978; Ghabrial, 1980) . Two of the reports are from the plant pathogenic fungi Rhizoctonia solani and Helminthosporium victoriae, and the findings suggest that diseased strains that contain dsRNA are less virulent than those which do not. The diseased state was transmitted by cytoduction to healthy strains along with the dsRNA. Since the suppression of virulence might result from incitement of the disease in the fungal cells, this phenomenon is basically different from the regulation of virulence in E. parasitica in which the hypovirulent strains remain healthy. Re-examination of the relationship between dsRNA and virulence was therefore undertaken with R. solani.
R. solani is a soil-borne pathogen which causes root decay in over 130 species (Baker, 1970) . Castanho et al. (1978) and Castanho & Butler (1978a) showed that dsRNA occurred in the diseased hypovirulent strain and were able to select a healthy virulent strain from this diseased strain. The virulent strain was devoid ofdsRNA and was converted into a hypovirulent strain by 0000-64450 1985 SGM the transmission of dsRNA from the diseased strain to the healthy strain. In this paper we show that the virulence is not related to the diseased state of the strains and that the native hypovirulent strains do not contain dsRNA whereas the virulent strains contain dsRNA viruses. . 5,6-[3H] UTP was purchased from Amersham. The nucleoside triphosphates, polyethylene glycol (mol. wt. 6000), RNase (bovine pancreatic ribonuclease A) and DNase (beef pancreas DNase I) were all obtained from Sigma. Glyoxal (Fisher Scientific, Fairlawn, N.J., U.S.A.) was treated before use with Amberlite Monobed mixed resin MB-3 (BDH). Ultra-pure sucrose was obtained from Bethesda Research Laboratories and CsCl was obtained from Metallgesellschaft (F.R.G.) Restriction endonucleases were obtained from BioLab (St Paul, Min., U.S.A.). The low molecular weight protein standards were from Pharmacia.
METHODS

Materials
Fungal cultures. The strains of R. solani used in the study were isolated from soil samples from various locations in Israel according to the procedure described by Boosalis & Scharen (1959) . The cultures were maintained and stored both in potato dextrose agar at 24 to 28 °C and in dry soil containing 4~ (w/w) wheat bran as described by Butler (1980) . The cultures were identified as R. solani from their hyphal morphology, by the detection of multinucleate cells following staining with haematoxylin (Parmeter, 1980) and by determination of the anastomosis group (AG) of each isolate using known standard testers (Parmeter et al., 1969) (Table 1) .
Pathogenicity tests. The virulence of each strain used in the study was tested by determining its pathogenicity towards six hosts by the plate assay described by Castanho & Butler (1978b) . The hosts used in these tests were radish ( Raphanus sativus L.), tomato ( L ycopersicon esculentum Mill), onion ( Allium cepa L.), carrot ( Daucus carota L. var sativa DC.), cotton (Gossypium hirsutum L.) and bean (Phaseolus vulgar& L.). The reliability of the plate assay was tested and confirmed in greenhouse tests and in field experiments.
Extraction ofdsRNA. Mycelia grown on agar were blended for l0 to 15 s in a Sorvall Omnimixer in a small volume of distilled water under aseptic conditions and used to inoculate 2 litre flasks, containing 2~ glucose, 1 peptone and l ~ yeast extract. The cultures were grown for 3 to 5 days at 25 °C on a rotary shaker (New Brunswick Scientific, New Brunswick, N.J., U.S.A.). The mycelium was harvested by filtration, washed with distilled water, squeezed dry and frozen at -20 °C.
Nucleic acids were extracted and characterized essentially as described by Castanho et al. (1978) , usually from 30 g of mycelium. Each 10 g of frozen mycelium was triturated in 15 ml 0.2 M-glycine, 0.1 M-NazHPO4, 0-6 ra-NaC1, 1 ~ SDS (pH 9.5), with 0.1 ml 2-mercaptoethanol and 20 ml water-saturated phenol :chloroform (1 : 1) at high speed for 5 min in an Omnimixer kept at 4 °C. The homogenate was further processed in a Braun homogenizer for 5 min using 25 g of 0.45 ~tm glass beads. The homogenate was then returned to the rotary shaker for 90 min. Cell debris was removed by centrifugation at 8000 g in a Sorvall SS-34 rotor for t 5 min at 4 °C and the aqueous phase was reextracted with phenol:chloroform (1 : 1). The nucleic acids were precipitated overnight at -20 °C after addition of 2 vol. ethanol and NaCI to 0-3 M, then pelleted by centrifugation at 12000g for 15 min. This pellet was resuspended in 0.1 M-NaCI, 1 mM-EDTA, 0.05 M-Tri-HC1 pH 6-9 (TSE buffer) containing 15~ ethanol; dsRNA was separated from the total nucleic acids by chromatography on a CFll column as described by Franklin (1966) . Doublestranded RNA was then precipitated with ethanol (in the presence of 0-3 M-NaCI) and resuspended in the buffer used for electrophoresis (0.04 M-Tris-acetate containing 1 m~-EDTA, pH 7.4).
Characterization ofdsRNA. Species of dsRNA were separated by electrophoresis in 4~ polyacrylamide slab gels. The gels were stained with 1 ~g/ml ethidium bromide for 10 min, viewed with a ChromatoVue Transilluminator (model TM36; UltraViolet Products, San Gabriel, Ca., U.S.A.) and photographed with a Polaroid camera (model MP4) using a Kodak Wranen No. 9 Filter. Nuclease treatments were as described by Castanho et al. (1978) except that DNase was used at 4°C for 10 rain.
Isolation and purification ofvirions. Cultures were grown in 2 litre flasks as described above. In a few experiments a medium containing 2~ glucose, 0.2~ asparagine and a mixture of salts and trace elements (Weinhold et al., 1969) was used. The mycelium was harvested and washed with lysis buffer containing 50 mM-Tris HC1, 0.15 MNaCI, 10 mM-MgSO~, 1 mM-dithiothreitol and 0.1 M-EDTA (pH 7.5) and frozen at -20 °C overnight. Virions were purified essentially as described by Welsh et al. (1980) . The mycelium was suspended in lysis buffer containing 0.15 M-NaCI and disintegrated as for the extraction of dsRNA. The homogenate was centrifuged for 30 min at 12000 g to remove cell debris and the virions were pelleted from the supernatant in a Beckman SW27 rotor for 90 min at 133 000 g. The pellet was dispersed in lysis buffer containing 0-5 M-N aC1 and the virions were precipitated by adding 4~ (w/v) polyethylene glycol to the solution. After 1 h at 4 °C the suspension was centrifuged for 10 min at 10000 g and the pellet was dispersed in lysis buffer containing 0-6 M-NaCI and 6-5~ polyethylene glycol. Following the addition of 0"2~o sodium dextran sulphate the virus suspension was incubated for 1 h at 4 °C. The pellet obtained after centrifugation at 4300 g for 10 rain was resuspended in lysis buffer containing 0.15 M-NaCI and 3 M- KCI (20:3, v/v) . After I h the dextran sulphate and ribosomes were removed by centrifugation for 10 min at 4300 g and the supernatant was dialysed for 2 h against 50 mM-Tris-HC1 pH 7-5, 0.1 mM-EDTA, 40 mM-NaC1, 10 mM-MgSO4, 4 mM-2-mercaptoethanol, 10 ~ glycerol (buffer G). A virus from R. solani 1223 by centrifugation at 80000 g overnight or at 133000 g for 2 h and the pellet was resuspended in buffer G. The virions were further purified by centrifugation in a 10 to 40~o sucrose gradient in a SW27 rotor (Beckman) for 4 h at 110000 g. Each 1.5 ml fraction was then examined for the presence of virions, for dsRNA and for RNA polymerase activity. The fractions of interest were dialysed for 2 h against a large volume of buffer G and centrifuged. Pellets were resuspended in buffer G lacking glycerol and further purified and characterized by centrifugation in a CsCI density gradient in a SW56 rotor at 18 °C for 45 h at 200000 g. The initial density of the CsCI was 1.31 g/ml. Gradients were fractionated (0.3 ml) in an ISCO density gradient fractionator.
Determination of sedimentation coefficient. Virions were resuspended in 0.01 M-Tris-HC1, 1 mM-EDTA, pH 7.5 (TE buffer) and centrifuged in a Beckman Model E ultracentrifuge. The sedimentation coefficient was corrected to S2o.w according to Svedberg & Pedersen (1940) RNA polymerase activity. The conditions for RNA polymerase activity were similar to those defined by Ben-Zvi et al. (1984) for Ustilago maydis virus. The activities of fractions from the sucrose gradients were tested in the presence of actinomyein D (125 ~tg/ml) at 30°C for 2 h.
Characterization of the viral transcripts.
Large transcripts were synthesized in reactions incubated for 24 h at 30 °C. Reaction mixtures contained 1 mM of each nucleoside triphosphate and 0.8 mg/ml bentonite to reduce nuclease activity. After incubation, reaction mixtures were extracted with phenol and the nucleic acids were ethanol-precipitated. The products were denatured in glyoxal and characterized by electrophoresis in 1.5~ agarose slab gels as described by Carmichael & McMaster (1980) .
Characterization of the capsidproteins.
Proteins were denatured by heating in 1 ~o SDS, 1% 2-mercaptoethanol, 62-5 mM-Tris HCI, 2 mM-EDTA, 10~ glycerol and 0.05~ bromophenol blue (pH 6.8) at 100°C for 3 rain. The proteins were characterized by electrophoresis in 12.5 ~ polyacrylamide slab gels containing 0.05 ~ SDS with a stacking gel of6~o polyacrylamide, at 150 V in Tris-glycine buffer (Laemmli, 1970) Electron microscopy. Grids were coated with 0-15~ Formvar and carbon. Virions were stained with 2~ uranyl acetate and examined in a JEOL 100B electron microscope.
RESULTS
Detection of double-stranded RNA in R. solani
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between the two groups: d s R N A could not be recovered from those strains which were classified as hypovirulent (no. 160, 521,558, 751), but was detected by the same procedure in strains that were classified as virulent (no. 13, 53, 56, 82) (Fig. 1) . Since a segmented genome is typical of d s R N A viruses of fungi, it was essential to ascertain precisely the pattern of segmentation obtained in each case and to exclude misleading artefacts. In the course of purification of the d s R N A from the various isolates of R. solani, some high molecular weight bands were noticed in polyacrylamide gels even after the recovery of the nucleic acids from CF11 columns, which were specifically designed to separate the replicative and non-replicative forms of ssRNA in viruses. The nucleic acids, recovered from the CF11 column and expected to contain d s R N A , were subjected to various tests to ascertain the nature of these molecules. The samples were exposed to RNase at high and low ionic strength, or treated with DNase or with a series of restriction endonucleases (BamHI, HindlII and Sail).
The results indicated that the components noticed often in the upper portion of the polyacrylamide gels, with an estimated molecular weight of 3 x 106 to 7 x 106, were not R N A and consisted of a heterogeneous population of molecules. The heterogeneity of this component was readily noticed in 1 ~o agarose gels, in which it did not form a discrete band, and also in the electron microscope this component was seen as a heterogeneous group of molecules. Furthermore, this component was unaffected by RNase at high ionic strength, was slightly sensitive to treatment at low ionic strength and was highly sensitive to digestion with DNase. Fig. 2 . Electron micrograph of negatively stained R. solani strain 13 virus particles purified in a CsC1 density gradient. Bar marker represents 100 nm.
Digestion with the restriction enzymes resulted in a non-specific digestion of these molecules; this further confirmed the heterogeneity of this component.
Among the segments that clearly behaved as dsRNA, two distinct and consistent patterns were identified. Pattern A, found in strains 53 and 82, was of three distinct dsRNA segments with molecular weights of 1.6 x 10 6, 1.45 x 106 and 1.25 x 106. Pattern B, found in strains 13 and 56, was of two distinct segments of dsRNA with molecular weights of 1.45 x 106 and 1.25 x 106. These patterns were seen both in polyacrylamide and agarose gels. However, when tested in polyacrylamide gels, pattern A dsRNA also contained minor bands with molecular weights of 1.7 x 10 6, 1.325 x 106 and 1.225 x 106.
Characterization of virus particles Sedimentation in sucrose gradients
Using the procedure for the isolation of virions, sucrose gradient fractions of virulent strains, but not hypovirulent strains, were found to contain virus-like isometric particles with a diameter of 30 to 35 nm (Fig. 2) . Most of the dsRNA extractable from fractions from the sucrose gradients was in the fractions that contained virions (Fig. 5b) . The dsRNA was resolved by polyacrylamide gel electrophoresis into segments having the same molecular weights as those of dsRNA extracted directly from the mycelium. However, in most preparations only two segments ofdsRNA (mol. wt. 1.45 x 106 and 1.25 × 106) were extracted from virions purified from isolates giving dsRNA of pattern A.
The sedimentation coefficient was determined using a virus preparation which had been centrifuged in two successive sucrose gradients. A value of 161S + 4S was obtained.
Centrifugation in CsCI density gradients
Further purification of the virions was obtained by centrifugation in CsC1 density gradients. Two components were obtained which had densities of 1.34 g/ml and 1.29 g/ml (Fig. 3a) . Virus particles were detected by electron microscopy in both peaks but RNA extraction yielded d s R N A only from the more dense component (Fig. 3b) . It is quite likely that the less dense peak consists of empty virions, and that as reported for many fungal viruses (Bozarth, 1979) , these comprise a large proportion of the purified virions.
Particle protein
The protein content of virions purified by centrifugation in a CsC1 density gradient was examined by S D S -P A G E (Fig. 4) . A single protein with mol. wt. 46000 was detected in both density components. These results suggest that the lower density component consisted of empty capsids. It contained, in addition to the major protein, two other minor proteins 
RNA polymerase activity
Virus-associated RNA-dependent R N A polymerase activity has been found in most of the fungal viruses in which this enzyme activity has been sought (Ben-Zvi et al., 1984; Buck, 1975 Buck, , 1979 Buck et al., 1981 ; Ratti & Buck, 1979) . Therefore, this polymerase activity was used to test for the presence of virions among the fractions of a 10 to 40~o sucrose gradient. Maximum activity of the R N A polymerase coincided with the position of those fractions containing dsRNA (Fig. 5a, b) which, as shown earlier, were those containing virus particles. Some dsRNA was extracted from the bottom fraction of the gradient, presumably because some virions had aggregated and pelleted, but that fraction lacked polymerase activity. Similar results were obtained with virions purified in a second sucrose gradient. No polymerase activity was found in similar tests with extracts from hypovirulent strains. This result, as well as the absence of dsRNA and virus particles, suggests that these strains lack virions. A linear relationship was observed between R N A polymerase activity and virus concentration up to 2 mg/ml (Fig. 6) . Thus, the virion-associated RNA-dependent R N A polymerase activity that is characteristic of many fungal viruses is also found in the virus particles isolated from R. solani and can be used to monitor the isolation of these viruses.
During the examination of the fractionated sucrose gradients it became clear that the high molecular weight components, shown earlier to be heterogeneous DNAs, were not associated in any way with the polymerase activity. This component did not band clearly in the sucrose gradients and appeared in many fractions along the gradient in which there was no polymerase activity. Furthermore, in the CsC1 density gradient this fraction did not band with the dsRNA.
When R N A polymerase reactions were incubated for 24 h in the presence of bentonite, the reaction did not reach a plateau. The products of the long reaction were characterized initially by C F 11 column chromatography, used for separation of s s R N A from d s R N A (Franklin, 1966) . It appeared that 8 7~ of the labelled U T P was incorporated into s s R N A that was eluted from the column with 1 5~ ethanol. The d s R N A that was eluted with T S E buffer without ethanol contained approximately 13 ~o of the labelled U T P incorporated during the polymerase reaction. These results suggest that the major product of the polymerase activity is s s R N A and that the RNA-dependent R N A polymerase activity associated with the virions represents transcription activity. The radioactivity associated with the d s R N A may result from incomplete transcripts synthesized on a d s R N A template. The molecular weight of the newly synthesized transcripts was estimated by gel electrophoresis in agarose after treatment of the R N A with glyoxal. One band ofmol, wt. 0.75 x 106 was obtained, although it is possible that more than one transcript was present but difficult to resolve.
Conversion of virulent strains to hypovirulence
Attenuation of virulence was obtained by hyphal tip isolation from virulent strains (no. 82 and 53). A hypovirulent strain was recovered from each of the virulent strains. The frequency of recovery of the hypovirulent cultures from both strains was about 1 ~. No virulent strains were isolated from hypovirulent strains. To determine whether there is any correlation between virulence and an alteration of the d s R N A content of these strains, the d s R N A was extracted and analysed in polyacrylamide gels (Fig. I d, a) . The analysis clearly indicated a change in the hypovirulent clones derived from the virulent strains. The clone derived from strain 82 had lost two d s R N A segments (tool. wt. 1,25 x l06 and 1.225 x 106) which the virulent strain 82 initially possessed, whereas the clone derived from strain 53 had lost all the major segments of dsRNA. The faint bands seen in Fig. 1 (b) were not observed in agarose gels. A. FINKLER AND OTHERS
Co-transmission of virulence and dsRNA
To determine whether the cytoplasmic transmission of dsRNA coincides with the transmission of virulence, a classical heterokaryon transfer experiment was performed (Jinks, 1964) . A virulent strain (no. 82) and a hypovirulent strain (no. 521), of the same incompatibility group (anastomosis group, AG 4), were selected based on their differential sensitivity to different fungicides. The virulent strain was resistant to Benomyl at a concentration of 2.5 p.g/ml, but sensitive to BTN (BAY NTN 19701, Mobay Chemicals, U.S.A.), The hypovirulent strain (521) was resistant to BTN at a concentration of 75 ~tg/ml but sensitive to Benomyl. The differential sensitivity permits identification of the two strains and selection of the parental strains. Both agents affect the microtubules, and nuclear resistance to Benomyl has been reported in a number of fungi (Sheir-Ness et al., 1978; Neff et al., 1983) . In addition to the resistance to the fungicides, the strains differed in the synthesis of melanin and production of sclerotia. The virulent strain contained dsRNA viruses whereas the hypovirulent strain did not.
Two methods were used for sampling hyphae after interaction between the two strains. In the first method the strains were confronted in a non-selective medium and allowed to interact for 48 h. Samples were withdrawn from the line of confrontation and plated on selective medium in which only the hypovirulent strain could grow. In the second method the hypovirulent strain was inoculated in non-selective medium in the centre of the plate and allowed to grow in optimum conditions until two-thirds of the plate area was covered by this strain. The virulent strain was then inoculated into the centre of the plate, thus establishing immediate contact with the mycelium of the hypovirulent strain. Hyphal tips were sampled from the periphery of the hypovirulent mycelium after 48 h, grown in non-selective medium and then tested for resistance to the fungicides and for virulence. The advantage of this method is that the area from which the hyphal tips are isolated is at a distance from the growing cells of the virulent strain, as can be determined by measuring the radial growth in control plates. Thus, the probability of recovering only the hypovirulent strain is very high using this method.
Of 25 colonies, obtained in both methods, two virulent colonies were identified with all the markers typical of the hypovirulent strain (no. 521). These cultures derived from hyphal tips were resistant to BTN, sensitive to Benomyl, did not secrete melanin and produced tiny hyaline sclerotia typical of the hypovirulent strain. Yet, in tests of virulence both were virulent in the plate assay. When the new 'transformed' virulent strains were tested for the presence of dsRNA (the parental hypovirulent strain was devoid of dsRNA), they were found to contain it. The pattern of segmentation recovered was typical of the dsRNA segments contained in viruses recovered from the virulent strain (no. 82) (Fig. 7) .
DISCUSSION
The results indicate the presence of viruses in virulent strains of R. solani. These particles were 30 to 35 nm in diameter and, like many other fungal viruses, contain a dsRNA genome. Segments of mol. wt. 1.45 x l0 6 and 1.25 × l06 were extracted from virion preparations. It is impossible as yet to determine whether these are separately encapsidated. A RNA-dependent RNA polymerase is also associated with the virus particles. Hypovirulent strains, however, are devoid of dsRNA and virus particles.
In the course of this study a dsRNA segment with a molecular weight of 1.6 x 106 has been extracted from the mycelia of a number of virulent strains. This segment has not been detected in the virions. It is unclear whether the 1.6 × 106 mol. wt. segment is either not encapsidated or is much less abundant in particles than are the 1.45 x 106 and 1.25 x l06 mol. wt. species. The involvement of naked dsRNA in suppressing virulence in Endothiaparasitica has been described by Van Allen & Hansen (1983) . It is also possible that the 1-6 x 106 tool. wt. segment belongs to a different virus lost during the isolation procedure. Mixed infections by two or more viruses are common in fungi.
The results of the attenuation experiments, altering virulent strains to hypovirulence, in which a loss of specific dsRNA segments (mol. wt. 1.25 × 106 and 1.225 x 10 6) from strain no. 82, and the loss of the major segments of dsRNA in strain no. 53 were detected, suggest that the dsRNA viruses code for the information which produces or regulates the virulence. This idea is further supported by the simultaneous cytoplasmic transmission of virulence and dsRNA from a virulent to a hypovirulent strain. Thus, corrective evidence that a genetic element determining virulence is transmissible with dsRNA is provided. A recent report (Hashiba et al., 1984) correlates the presence of a small DNA plasmid with hypovirulence in R. solani. However, the characterization of the nucleic acid as DNA is incomplete and the strains studied were debilitated and very different from the hypovirulent strains used in the present study. Another report (Martini et al., 1978) claims that determinants of virulence in R. solani lie on a large DNA plasmid. We have also found a DNA component (mol. wt. 3 × 106 to 7 × 106) but it was present in both virulent and hypovirulent strains and was not associated with viral particles. Whereas more than one factor may be involved in regulation of virulence, final proof of the role of each will only be obtained by infection experiments with purified virus and by transformation experiments in the case of a DNA plasmid.
The results presented are contradictory to those published earlier by Castanho et al. (1978) . The differences may stem from the fact that in the present study the virulent and hypovirulent strains used were healthy whereas in the earlier study the hypovirulent strain was diseased. Castanho et al. (1978) have claimed the transmission of the diseased state which they referred to as hypovirulence. It is clear from the present study that the diseased state cannot be equated with hypovirulence and that the degree of virulence of the so-called hypovirulent strain may have been masked by the diseased state. This is strengthened by experiments in our laboratory in which virulent cultures were derived from Castanho's hypovirulent strain, yet we were unable to detect virulent cultures among hundreds of hyphal tip isolates from a number of hypovirulent strains used in our study . Castanho et al. (1978) identified three segments of dsRNA in the diseased strain and only occasionally were traces found in the healthy virulent strain derived from the diseased strain. Re-examination of these strains in our laboratory confirmed the findings with respect to the diseased strain. However, dsRNA was also detected in the virulent strain. The molecular weights of the segments were identical to those found in the virulent strains in the present study. The occurrence of dsRNA in the mycelia of virulent strains is also supported by recent findings of Zanzinger eta[. (1984) . However, these authors reported the isolation of dsRNA from a hypovirulent strain but their criteria are similar to those of Castanho et al. (1978) , namely slow growth.
A more relevant comparison is between our findings in R. solani and those reported in E. parasitica (Van Alfen, 1982) . The dsRNA found in hypovirulent strains of this pathogenic fungus is thought to suppress virulence. However, viewing the dsRNA viruses as adaptive factors, it is conceivable that in some forms the information may be suppressive whereas in others it may induce virulence. Available information from other dsRNA viruses of fungi (Tipper & Bostian, 1984; Wigderson & Koltin, 1982) suggests that even within one species some molecules may act in the expression of functions encoded by the dsRNA and other molecules may act as eliminators of dsRNA segments encoding these functions. The nature of the dsRNAencoded information in pathogenic fungi should provide an insight on the regulation of virulence.
